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(57) ABSTRACT 

An improved communications system adapted for use in a 
network, and con?gured to optimize the static slot siZe for 
transmitting a plurality of time-triggered messages. A pre 
ferred embodiment of the system includes a removable 
controller con?gured to determine the amount of overhead 
bits incurred Within a slot, the amount of databytes that can 

(21) Appl. No.: 11/208,111 be transmitted Within the duration of a slot, and the amount 
of data to be communicated, and to perform an optimization 

(22) Filed: Aug. 19, 2005 algorithm relative thereto. 
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SYSTEM AND METHOD OF OPTIMIZING THE 
BANDWIDTH OF A TIME TRIGGERED 
COMMUNICATION PROTOCOL WITH 

HOMOGENEOUS SLOT SIZES 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates to internal commu 
nication systems, and more particularly to a system con?g 
ured to optimize the static slot siZe of a time-triggered 
communication protocol with homogeneous slot siZes. 

[0003] 2. BackgroundArt 

[0004] Internal communication protocols have been devel 
oped to support the instrument panels, clusters and other 
wise electrical components of transportation machines, such 
as automobiles, aircrafts, recreational vehicles, and boats. 
Conventional protocols and in-vehicle networking stan 
dards, such as Local Interconnect Networks (LIN), Media 
Oriented System Transport (MOST), and Controller Area 
Network (CAN) systems, control electrical communication 
between various nodes and a host controller, so as to enable 
inter-nodal function. In automobiles, for example, electro 
mechanical power-assisted steering and anti-lock brakes 
typically utiliZe a communication network and protocol to 
receive electric signals from a controller, which communi 
cates with various sensors and actuators. As functionality in 
transportation machines become increasingly driven by 
electro-mechanical and electric means, the necessary capac 
ity, ?exibility, and reliability of these protocols and network 
systems become increasingly critical for proper and safe 
operation. The introduction of advanced control systems that 
often combine multiple sensors, actuators and electronic 
control units place boundary demands on conventional com 
munication systems. 

[0005] As a result, one type of communication system, the 
FlexRayTM communications protocol (“FlexRay”), has been 
developed for increasing the bandwidth, determinism, ?ex 
ibility, scalability, and fault-tolerance of automotive elec 
tronic systems. In contrast to conventional event-triggered 
protocols, FlexRay combines a time-triggered along with an 
event-triggered system. Generally, the FlexRay protocol 
presents a multi-channeled communications medium, 
wherein each channel includes static and dynamic segments 
during a communication cycle. In the static segment, 
requirements such as latency and jitter are addressed by 
deterministic communication timing. A plurality of time 
divisible-multiple-access (TDMA) slots of homogenous 
duration comprises the static segment and re-occurs each 
cycle. The TDMA slots are manually siZed prior to automa 
tion, and each slot is accordingly allocated to a node 
connected to the system, so that the node is able to con 
stantly, and without collision, communicate with the net 
work. The remaining bandwidth includes a dynamic seg 
ment divided into a plurality of mini-slots, wherein each 
mini-slot is con?gured to receive an event-triggered mes 
sage of variable siZe, such as diagnosis data. 

[0006] Once manually implemented, however, the 
FlexRay protocol presents a one-siZe-?ts all application that 
limits bandwidth ef?ciency. More particularly, during mul 
tiple cycles, the static slots transmit varying sets of messages 
having differing numbers and siZes. For message sets 
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smaller than the ideal set for which the slots were siZed, 
transmission of empty or excessively large slots during a 
cycle wastes bandwidth, and thereby causes undue delays in 
the overall system, and reduces the responsiveness of the 
nodes. For message sets larger than the ideal set for which 
the slots were siZed, the rigidity of the protocol results in 
excessive time-triggered backlog. Finally, transmission of 
empty or excessively large slots also reduces available 
event-triggered bandwidth, which may further result in 
event-triggered backlog or slow response. 

[0007] Thus, there is currently a trade-off between having 
many small slots that incur large protocol overhead and 
haying a few large slots that cause wasted bandwidth for 
small messages. To further effect the bene?ts of the FlexRay 
protocol, for example, there is a need in the art for an 
improved time-triggered system that more ef?ciently deter 
mines the optimal static slot siZe for a given set of messages. 

DISCLOSURE OF INVENTION 

[0008] Responsive to these and other concerns associated 
with conventional communications protocols and networks, 
the present invention concerns an improved system that is 
useful, among other things, for optimiZing the static slot siZe 
of a bandwidth, so as to maximiZe the transmission effi 
ciency of time-triggered messages. 

[0009] A ?rst aspect of the present invention concerns an 
internal communication system adapted for communica 
tively coupling a plurality of nodes. The system includes a 
host ECU, and a ?rst channel interconnecting the nodes and 
ECU. The ECU and ?rst channel are cooperatively con?g 
ured to transmit a plurality of time-triggered messages to 
and from at least a portion of the nodes, wherein each 
message is allocated to and transmitted within one of a 
plurality of static slots, during at least one cycle. The ECU 
is further con?gured to determine an optimal slot siZe for 
carrying the messages. More preferably, an optimization 
algorithm is run off-line to calculate the optimal slot siZe, 
which is then uploaded to an existing internal communica 
tion system. 

[0010] A second aspect of the invention concerns a 
method of communicating a plurality of M digital messages 
across a channel and during at least one cycle, wherein said 
at least one cycle presents a plurality of TDMA slots. First, 
for each message a start time, an end time, a number of bits 
that need to be transmitted, a number of slots dedicated 
therefor, and a number of slots necessary for transmission 
less than or equal to the number of slots dedicated therefor, 
are determined. A baud rate of communication for the 
channel, an amount of databytes that can be transmitted 
within the duration of a slot, an amount of overhead bits sent 
within each slot, and the maximum amount of non-overhead 
data that can be sent within a slot are also determined. 
Finally, an optimal slot siZe relative to the amount of 
overhead bits, the amount of databytes that can be transmit 
ted within the duration of a slot, and the amount of data to 
be communicated is determined. 

[0011] It will be understood and appreciated that the 
present invention provides a number of advantages over the 
prior art, including, for example, providing an improved 
communications system that autonomously optimiZes the 
TDMA slot siZe for transmitting a set of messages. As a 
result, excessive backlog and bandwidth waste are mini 
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miZed; making the invention better suited to handle tra?ic in 
increasingly complex electrical networks. The present 
invention also reduces the man-hours and expertise required 
for manually setting slot siZe parameters, the likelihood of 
human error in setting an arrant slot siZe, and the affects 
thereof. 

[0012] Other aspects and advantages of the present inven 
tion Will be apparent from the folloWing detailed description 
of the preferred embodiment(s) and the accompanying draW 
ing ?gures. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] A preferred embodiment(s) of the invention is 
described in detail beloW With reference to the attached 
draWing ?gures, Wherein: 

[0014] FIG. 1 is a schematic vieW of a preferred embodi 
ment of the system adapted for use in a vehicle; 

[0015] FIG. 2a is a block diagram of an ECU in accor 
dance With a preferred embodiment of the invention; 

[0016] FIG. 2b is a How diagram of the present invention, 
particularly illustrating an optimiZation controller; 

[0017] FIG. 3 is a block diagram of a FlexRay frame 
format; 
[0018] FIG. 4a is a block diagram of a communication 
cycle, particularly illustrating a unison multi-channel cycle; 

[0019] FIG. 4b is a block diagram of a communication 
cycle, particularly illustrating a combined redundant multi 
channel cycle; and 

[0020] FIG. 40 is a block diagram of a communication 
cycle, particularly illustrating a mixed connectivity multi 
channel cycle. 

MODES FOR CARRYING OUT THE 
INVENTION 

[0021] The present invention concerns an improved com 
munications system that optimiZes the static slot siZe of a 
communication cycle. A preferred embodiment of the sys 
tem 10 is shoWn in FIG. 1, and described herein With respect 
to a FlexRay protocol and communications netWork. HoW 
ever, it is appreciated that the novel aspects and function of 
the present invention can be utiliZed With any time-triggered 
communications scheduler that utiliZes a plurality of static 
slots. It is further appreciated that the method and algorithms 
described herein present a preferred embodiment of the 
invention, and that modi?cations Within the ambit of the 
invention can be made to modify system performance. For 
example, one of a plurality of inputted variables and/or 
constants could be added to the algorithm described herein, 
to provide added safety or accommodate user-preference. As 
illustrated in FIG. 1, the system 10 includes a single bus 12, 
hoWever, it is also Within the ambit of the invention to utiliZe 
the invention With a FlexRay system having a tWisted pair, 
multi-bus, star or other con?guration. 

[0022] The preferred system 10 further includes a host 
electronic control unit (ECU) 14, and a plurality of nodes 16 
that represent various electro-mechanical components of a 
netWork. For example, in an automobile, the nodes 16 may 
represent a GPS and map system, a steer-by-Wire system, a 
brake-by-Wire system, a fully functional entertainment sys 
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tem, and an instrument cluster, each having its oWn ECU. 
The physical transport layer may be electrical, optical, or a 
combination of both domains, With the understanding that 
message conversion is necessary before delivering to an 
optical medium. 

[0023] As shoWn in FIG. 2a, the ECU 14 includes novel 
optimiZation means, and more preferably includes a separate 
optimiZation controller 18 communicatively coupled to a 
protocol engine machine 20. Most preferably, the optimiZa 
tion controller 18 is removably connected to the ECU 14, 
and con?gured so as to be able to retro?t an existing 
communication system. For example, a portable device (not 
shoWn), such as a laptop computer, may present the con 
troller 18, and be con?gured to removably connect to an 
existing system, to provide a one-time off-line determination 
of the optimal slot siZe. The optimiZation controller 18 may 
be Wirelessly connected to the ECU 14 and presented by a 
third-party service located at a remote location. It is appre 
ciated by those ordinarily skilled in the art that determining 
the optimal slot siZe off-line facilitates internal clock syn 
chroniZation among nodes. Alternatively, Where hard-Wire 
communication is utiliZed, and a more integrated method of 
continually determining the optimal slot siZe is desired, the 
preferred controller 18 may include male prongs or female 
receptacles (also not shoWn) that securely connect to the 
ECU 14. As used herein, references made to the ECU 14 
inclusion of the optimiZation controller 18, shall encompass 
permanent, removable, and Wirelessly communicating con 
nections, and off-line or integrated con?gurations. 

[0024] As shoWn in FIGS. 2a and 2b, the controller 18 is 
con?gured to receive a plurality of M messages from the 
protocol engine machine 20, and after optimiZing the slot 
siZe, deliver the messages to a transmit unit 22. Where 
removable connectivity is desired, hoWever, the controller 
18 is further con?gured to set the optimal slot siZe Within the 
system 10, so as to enable optimal communication betWeen 
the machine 20 and transmit unit 22. The preferred ECU 14 
also includes a bus guardian con?gured to verify the authen 
ticity and propriety of the messages prior to optimiZation. 

[0025] Within a FlexRay protocol system, messages are 
received from and delivered to the slots in the frame format 
shoWn in FIG. 3. A header segment of a typical frame 
includes various indicators and subframes, including a 
“Frame ID” subframe that presents 5 Bytes of overhead data. 
The Frame ID is utiliZed to numerically sort and match the 
frame With an allocated slot. A payload segment folloWs the 
header segment, and presents the actual message data. The 
payload segment may range in siZe from 0 to 254 Bytes 
depending upon the message. Finally, a trailer segment, 
containing three 8-bit cyclic redundancy checks (CRCs), 
primarily functions to detect errors. Thus, in the illustrated 
embodiment, the total frame siZe can range from 8 to 262 
Bytes. 

[0026] In FIGS. 4a-c, three multi-channeled communica 
tion cycles are shoWn over a given time period. Each 
multi-channel system presents temporally congruent slots 
and re?ects one of three modes of communication. First, the 
channels may act in unison to form a single-channel system, 
Wherein the data throughput is effectively multiplied by the 
number of channels per slot (see, FIG. 4a). The channels 
may also act as a combined multi-channel system, Wherein 
nodes connected to each channel can be con?gured to 
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transmit data redundantly on each channel at the same time 
(see, FIG. 4b). Finally, the system 10 may re?ect a multi 
channel system With mixed connectivity, Wherein some 
nodes connect to each channel, and some connect only to 
one (see, FIG. 40). 

[0027] As previously mentioned, a static segment begins 
each cycle and presents a plurality of static slots. The static 
segment is followed by a dynamic segment, a symbol 
WindoW that presents an un-arbitrated single-message slot 
for application use, and netWork idle time that alloWs 
computing time corrections and nodal housekeeping. More 
preferably, a plurality of static slots at least equal to the 
greatest number of potentially communicating nodes, and 
most preferably, a variable plurality of slots is presented, so 
as to enable numerical optimization by the controller 18. In 
the later instance, the number of slots is preferably set at the 
number of currently active nodes in the netWork. Thus, since 
the optimiZation controller 18 is also con?gured to optimiZe 
the siZe of the slots, both the optimal number and siZe of the 
slots are determined. HoWever, to ensure suf?cient band 
Width for transmitting event-triggered messages, the con 
troller 18 is more preferably con?gured to impose upper 
limitations upon the siZe of the static segment. 

[0028] In a preferred embodiment of the invention, the 
system 10 is con?gured to determine the optimal slot siZe 
relative to various parameters and performance characteris 
tics of the messages and FlexRay netWork. More preferably, 
for each message, the machine 20 and/or controller 18 are 
con?gured to determine a start time (Sam), end time (Send), 
size (N), number of slots dedicated for the transmission 
(Nsegmentisize), and number of slots necessary for transmis 
sion (N dlatLSlOtS). From the network, a baud rate of commu 
nication (B, typically [10 MBit/ s), an amount of databytes 
that can be transmitted Within the duration of a slot (N data, 
taking into consideration the number of channels), an 
amount of Overhead bits sent Within each slot (Noverhead, 
based on frame format, i.e. message header and trailer, and 
encoding approach), and a maximum amount of non-over 
head data that can be sent Within the slot (Nslotidm) are 
determined. Where differing message siZes ?ll concurrent 
slots (as shoWn in FIGS. 4a and 4c), the controller 18 is 
further con?gured to determine the larger of the tWo con 
currently scheduled messages, and to use the larger siZe in 
determining the optimal slot siZe. 

[0029] More particularly, these parameters and character 
istics cooperatively yield the folloWing constraints: 

NSCgmCHQiZJNdatUMtS (1) 

S — S N + N 2 
Nscgmrsiu = Where T“, = < > 

SEg 

Ndataislots = (Ngmhmd + Ndam) * (ce1l(N ‘ data 

CC mod(TSEg) : O (4) 

N (5) 
‘1 s B cei (Ndwa ) u?m 

Miesrcmpmm 

[0030] Relationship (1) provides that the number of nec 
essary slots is less than or equal to the number of slots 
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dedicated therefor. Equations (2) establish an integer value 
for NsegmentiSize equal to the difference betWeen message 
arrival time and deadline, divided by the a time variable, 
Tseg, Wherein TSeg equals the total amount of bits that can be 
sent in a slot divided by the baud rate. Equation (3) provides 
that the number of slots necessary for transmission is equal 
to the product of the sum of the amount of data bytes that can 
be transmitted Within the duration of a slot, Ndm, and the 
amount of overhead bits sent Within each slot; and an upper 
integer value of the message siZe divided by Ndm. Equation 
(4) provides that the number of slots in a cycle must be an 
integer, Where CC is the duration of the static segment. 
Finally, relationship (5) provides that the upper integer value 
must not be greater than the number of messages that can be 
stored in the ECU 14. 

[0031] Given these constraints, the preferred controller 18 
is con?gured to determine the optimal static slot siZe as a 
function of the message siZe, the overhead bits incurred 
Within the allocated slot, and the amount of data bits that can 
be transmitted Within the duration of the slot. More prefer 
ably, the optimal slot siZe is determined according to the 
folloWing algorithm: 

M 6 
N; ( ) 

max 

Wherein for each message 1 through M, the message siZe is 
divided by the number of slots necessary for transmission 
(see, equation (3)). The summation of quotients obtained 
provides the optimal slot siZe. A non-linear optimization 
technique, such as simulated annealing, is preferably used to 
determine the optimal slot siZe. 

[0032] The preferred controller 18 is further con?gured to 
cause the storage of the optimal slot siZe result for a given 
set of messages for at least a minimum period, and more 
preferably, includes permanent storage and memory capa 
bilities. In this con?guration, each set of messages received 
from the protocol engine machine 20 is ?rst compared With 
previously performed sets to determine if a previously 
determined optimal slot siZe exists. Thus, the system 10 
more preferably includes an interrelational database 24, 
processor (not shoWn), and query performing program code 
(also not shoWn) cooperatively con?gured to accomplish 
this task. 

[0033] The preferred forms of the invention described 
above are to be used as illustration only, and should not be 
utiliZed in a limiting sense in interpreting the scope of the 
present invention. Obvious modi?cations to the exemplary 
embodiments and modes of operation, as set forth herein, 
could be readily made by those skilled in the art Without 
departing from the spirit of the present invention. The 
inventor hereby state his intent to rely on the Doctrine of 
Equivalents to determine and assess the reasonably fair 
scope of the present invention as pertains to any system not 
materially departing from but outside the literal scope of the 
invention as set forth in the folloWing claims. 
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What is claimed is: 
1. An internal communication system adapted for com 

municatively coupling a plurality of nodes, said system 
comprising: 

a host ECU; and 

a ?rst channel interconnecting the nodes and ECU; 

said ECU and ?rst channel being cooperatively con?g 
ured to transmit a plurality of time-triggered messages 
to and from at least a portion of the nodes, Wherein each 
message is allocated to and transmitted Within one of a 
plurality of slots of static length, during at least one 
cycle, 

said ECU being further con?gured to determine an opti 
mal slot size for carrying the messages. 

2. The system as claimed in claim 1; and 

a second channel temporally con?gured relative to the 
?rst channel, so that the tWo channels are able to 
concurrently carry at least a portion of the messages. 

3. The system as claimed in claim 2, Wherein at least a 
portion of the same message is concurrently transmitted 
Within both channels. 

4. The system as claimed in claim 2, 

said ECU being further con?gured to determine the larger 
of tWo concurrently scheduled messages, and to use the 
larger size When determining the optimal slot size. 

5. The system as claimed in claim 1, 

said channel further presenting a plurality of mini-slots 
that temporally folloW said plurality of slots, 

said ECU and ?rst channel further being cooperatively 
con?gured to transmit at least one event-triggered 
message to and from at least a portion of the nodes, and 
Within one of said plurality of mini-slots, during the at 
least one cycle. 

6. The system as claimed in claim 1, Wherein said ?rst 
channel presents a bus structure, and said ECU includes a 
bus guardian con?gured to verify the authenticity and pro 
pr‘iety of the messages prior to optimization. 

7. The system as claimed in claim 1, Wherein the ?rst 
channel, ECU and nodes cooperatively present a multi-star 
con?guration. 

8. The system as claimed in claim 1, 

said ECU including a protocol engine machine, a transmit 
unit, and an optimization controller communicatively 
intermediate the machine and unit, 

said controller being removably interconnected to the 
machine and unit. 

9. An optimization controller adapted for use With an 
existing internal communication system, and con?gured to 
receive a plurality of M time-triggered messages from, and 
determine an optimal slot size for transmitting the messages 
to the system. 

10. The controller as claimed in claim 9, Wherein the 
optimal slot size is autonomously determined as a function 
of the size of each message, the overhead bits incurred 
Within the slot, and the amount of data bits that can be 
transmitted Within the duration of the slot. 
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11. The controller as claimed in claim 10, Wherein the 
optimal slot size is determined in accordance With the 
folloWing algorithm: 

M 

Ni 
max 

data 

Where 

Ni is the size of message i, 

NOverhead is the overhead bits incurred Within a time 
slot, and 

Ndata is the amount of databits that can be transmitted 
Within the duration of a slot. 

12. The controller as claimed in claim 10, Wherein said 
optimal slot size is limited by a maximum value. 

13. The controller as claimed in claim 9, including 
memory and storage means, Wherein a database of previ 
ously determined optimal slot sizes and corresponding sets 
of message sizes are stored and accessible by the system. 

14. A method of communicating a plurality of M mes 
sages across a channel and during a cycle, Wherein said 
cycle presents a plurality of TDMA slots, said method 
comprising the steps of: 

a. determining for each message a start time, end time, a 
number of bits that need to be transmitted, a number of 
slots dedicated therefor, and a number of slots neces 
sary for transmission, Wherein the later is less than or 
equal to the number of slots dedicated therefor; 

b. determining a baud rate of communication for the 
channel, an amount of databytes that can be transmitted 
Within the duration of a slot, an amount of overhead bits 
sent Within each slot, and the maximum amount of 
non-overhead data that can be sent Within a slot; and 

c. determining an optimal slot size relative to the amount 
of overhead bits, the amount of databytes that can be 
transmitted Within the duration of a slot, and the 
amount of data to be communicated. 

15. The method as claimed in claim 14, Wherein step c) 
further includes the steps of using a non-linear optimization 
technique to determine the optimal slot size. 

16. The method as claimed in claim 15, Wherein step c) 
further includes the steps of using simulated annealing to 
determine the optimal slot size. 

17. The method as claimed in claim 14, Wherein step a) 
further includes the steps of determining the number of slots 
dedicated for the transmission of the message, N 
according to the folloWing equation: 

segmentisize? 

Send _ Ssran 

Tseg 
(NOverhead + Nslot’data) 

, Where Tseg : B Nsegment’size : 

Where 

Send is the end time, 

SStart is the start time, 
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NOverhead is the amount of overhead bits that are 19. The method as claimed in claim 14, 

Incurred’ and step a) further including the steps of securing an ECU 
- - relative to the channel, said ECU bein con? ured to 

Nat-?lm 1s I:he maxlmlllnm amount of non-overhead data Store a plurality of messages not less tian M g 
tat can esent Wit nasot. _ _ _ _' 

18 Th h d 1 _ d _ 1 _ 14 h _ 20. The method as claimed in cla1m 14, wherein step c) 
' _ e met 0 as C alme 1n C_a1_m ’ W erem Step a) further includes the steps of determining the optimal slot 

further mcludes the steps of determimng the number of slots Size according to the following all g 0 rithm, 
that is necessary for the transmission of the data, Ndmislots, ' 
according to the folloWing equation: 

M 

Ni 

N- max Ndata’slots = (N Overhead + Ndata) * (°e11( Ndma ‘:1 (Nomhmd + Nd“) * (ce11(Nda,a Where Where 

N _ h _ f _ Ni is the siZe of message i, 
-1st es1Zeo messa e1 . . . . 

1 g ’ NOverhead is the amount of overhead bites transm1tted 1n 

NOverhead is the amount of overhead bits that are each 510R and 
incurred, and Ndata is the amount of databytes that can be transmitted 

. . Within the duration of a slot. 
NSIOLdata is the maximum amount of non-overhead data 

that can be sent Within a slot. * * * * * 


